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$PDWKHPDWLFDOPRGHOLVGHYHORSHGWRDQDO\]HWKHSHUIRUPDQFHRIWKHH[SHULPHQWDOV\VWHP$56EDVHGRQWKHPDVV
DQGHQHUJ\EDODQFHVIRUWKHILUVWODZRIWKHUPRG\QDPLF>@7HPSHUDWXUHVDQGSUHVVXUHVRIZRUNLQJIOXLGDUHEDVHG
RQGHVLJQHGYDOXHV:DWHUDQGDPPRQLDSURSHUWLHVDUHREWDLQHGIURPVWDQGDUGSURSHUWLHVRISXUHVXEVWDQFHVWDEOHLQ
WKH$6+5$(>@5HIULJHUDWLQJ3ODQWV>@DQG'KULQJSORW)LJXUHDUHSUHVHQWWKHVFKHPDWLFFRPSRQHQWVDQG
EWKHUPRG\QDPLFF\FOHLQS7ȗGLDJUDPIRUEHWWHUVWDWHSRLQWLGHQWLILFDWLRQLQ((6VLPXODWLRQ
   D      E

)LJ((6VFKHPDWLFD7KHUPRG\QDPLFF\FOHRIWKHLQVWDOODWLRQSURFHVVHVLQS7ȗGLDJUDPE
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7KHWKHRUHWLFDOPRGHOXVHLQSXWGDWDPDLQDVVXPSWLRQVDQGRSHUDWLQJFRQGLWLRQVWKDWDUHSUHVHQWHGEHORZ
7KHLQSXWGDWDRSHUDWLQJFRQGLWLRQVDUH
7KHFRROLQJSRZHURIWKHHYDSRUDWRUZKLFKLVIL[HGLQDOOFDOFXODWLRQV @> kWQ  


7KHLQOHWDQGRXWOHWWHPSHUDWXUHVRIWKHH[WHUQDOIOXLGVDLUZDWHU
 KRWZDWHU Û&FROGZDWHU Û&DLU Û&
7KHPLQLPXPWHPSHUDWXUHGLIIHUHQFHLQWKHKHDWDQGPDVVH[FKDQJHUV Û&
&RQFHQWUDWLRQRIYDSRUVOHDYLQJ*6/ 
7KHRXWSXWGDWDDUH
7KHSUHVVXUHVWHPSHUDWXUHVPDVVIORZVFRQFHQWUDWLRQVHQWKDOSLHVRIHDFKVWDWHSRLQW
7KHWKHUPDORULQWKHFDVHRIWKHVROXWLRQSXPSPHFKDQLFDOSRZHURIWKHPDLQFRPSRQHQWV
7KH&23
$VVXPSWLRQV
 ,WLVDVWHDG\VWDWHF\FOH
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 7KHUHIULJHUDQWOHDYLQJWKHHYDSRUDWRULVHYDSRUDWHGFRPSOHWHO\DVVDWXUDWHGYDSRU
 7KHVWURQJVROXWLRQOHDYHVWKHDEVRUEHUDWWKHDEVRUEHQWWHPSHUDWXUHDVVDWXUDWHGOLTXLG
 7KHVROXWLRQDQGUHIULJHUDQWYDOYHVDUHDGLDEDWLF
 3XPSLVLVHQWURSLF


)LUVWWKHSUHVVXUHVDUHGHWHUPLQHG
p I7 p$         
p& I7& p*         
7KHQZHPXVWFKHFNWKHGHJDVVLQJEUHDWKZKLFKLVWKHGLIIHUHQFHEHWZHHQWKHVWURQJDQGZHDNFRQFHQWUDWLRQV7KLV
PXVWEHELJJHUWKDQRWKHUZLVHFLUFXODWLRQIDFWRUfZLOOEHODUJHUWKDQZKLFKPHDQVDELJJHUPDVVIORZRIVROXWLRQ
DQGDVPDOOHU&23

   TTpf GGss    [[        
   TTpf AAsb    [[        
&LUFXODWLRQFRHIILFLHQWIHYDSRUDWRUVSHFLILFFDSDFLW\DQGPDVVIORZRIUHIULJHUDQWDUHVWDWHGEHORZ
    sssbssf [[[[          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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 @> skgqQm 
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
0DVVEDODQFHLV
 @> skgmmm sbss           
$WKHUPDOEDODQFHH[LVWV
 capog
QQWQQ   
       
:KHUHJHQHUDWRUFDSDFLW\LV

@>@>  kWmhfhfhQg         
$EVRUEHUFDSDFLW\LV
 @>@>  kWmhfhfhQa 
        
&RQGHQVHUFDSDFLW\LV
 @>@>  kWmhfhfhQc 
        
(FRQRPL]HUFDSDFLW\LV
 @>@>  kWmhfhfhQc 
        
$QGILQDOO\WKHVROXWLRQSXPS

@>@>  kWmhhfWp         

(IILFLHQF\RI$56LVGHVFULEHGLQWKHWHUPRIFRHIILFLHQWRISHUIRUPDQFH&23ZKLFKLVGHVLUHGRXWSXW4GLYLGHG
E\UHTXLUHGLQSXW4J:S

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&23
        

7REHPRUHSUHFLVHVDPHHTXDWLRQVZHUHXVHGLQ((6ZKLFKFRQWDLQVSURFHGXUHVIRUWKHUPRG\QDPLFSURSHUWLHVRI
DPPRQLDZDWHUVROXWLRQ
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,Q 7DEOH  FKDUDFWHULVWLFV RI HYHU\ VWDWH SRLQW DUH SUHVHQWHG DQG LQ 7DEOH  KHDW WUDQVIHU RI FRPSRQHQWV DQG
SHUIRUPDQFHSDUDPHWHUVRIWKHV\VWHP$OVRWKHSURSHUWLHVIRUDOOVWDWHVSRLQWV&23IRUWKHDPPRQLD±ZDWHU$56DUH
REWDLQHGXVLQJWKH(QJLQHHULQJ(TXDWLRQ6ROYHU((6>@7DEOHDQG

7DEOH7KHUPRG\QDPLFSURSHUWLHVRIWKHDEVRUSWLRQV\VWHP  7DEOH+HDWWUDQVIHURIFRPSRQHQWVDQGSHUIRUPDQFHSDUDPHWHUV
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6RODUHQHUJ\FRQYHUVLRQV\VWHP
$VVWDWHGEHIRUHRQHLPSRUWDQWFRPSRQHQWRIVRODUSRZHUFRROLQJV\VWHPDUHVRODUFROOHFWRUV/LQNHGGLUHFWO\RU
WKURXJKDKHDWH[FKDQJHUWKH\VXSSO\WKHHQHUJ\WRWKHJHQHUDWRURIWKHPDFKLQH(DFKW\SHRIVRODUFRROLQJSODQW
UHOLHVRQDWKHUPDOHQHUJ\VXSSOLHGDWDFHUWDLQRSWLPXPWHPSHUDWXUH$EVRUSWLRQ1++2GULYLQJWHPSHUDWXUHLV
DURXQG q& DQG IRU /L%U DURXQG q&>@ 5HFHQW VWXGLHV DQG H[SHULPHQWV WULHG WR XVH ORZ JUDGH WHPSHUDWXUH
FROOHFWRUVVRWKHUHWXUQLQYHVWPHQWWLPHWREHVPDOOHUEHFDXVHHIILFLHQWVRODUWKHUPDOFROOHFWRUVOLNHHYDFXDWHGWXEH
FROOHFWRURUSDUDEROLFWURXJKFRQFHQWUDWLQJFROOHFWRUDUHPRUHH[SHQVLYH)LJXUHDSUHVHQWWKHDUHDQHHGHGIRUD
N:$56LQ%UDVRY5RPDQLD IRUGLIIHUHQWFROOHFWRU W\SH OLNH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)3HYDFXDWHG WXEH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WURXJK3WYHUVXVPD[LPXPWHPSHUDWXUHSURYLGHGE\WKRVH$OVRILJXUHEVKRZVWKHWRWDOJOREDOUDGLDWLRQPHDVXUHG
RQKRUL]RQWDOVXUIDFHZLWKDWLOWDQJOHRIGHJUHHVIDFLQJ6:GXULQJWKHPRQWKVRI0D\WR$XJXVW

)LJD6TXDUHPHWHURIFROOHFWRUYHUVXVWHPSHUDWXUHVXSSOLHGE\IODWSODWHHYDFXDWHGWXEHDQGSDUDEROLFWURXJKFROOHFWRUDQGEJOREDO
UDGLDWLRQPHDVXUHGIURP0D\WR$XJXVWLQ%UDVRY5RPDQLD6:DQGqWLOW
0HDVXUHPHQWV
$GDWDDFTXLVLWLRQV\VWHPDQGDVHWRIWUDQVGXFHUVKDYHEHHQXVHGWRPRQLWRUWKHRSHUDWLRQRIWKLVSURWRW\SHSODQW
(UURUVEHWZHHQWRKDYHEHHQQRWLFHG)LJXUHVKRZVWKHWHPSHUDWXUHVUHFRUGHGIRUKRWZDWHULQDQGRXWRI
JHQHUDWRU FROG ZDWHU IURP DQ WR FRQVXPHU DQG 1+ VROXWLRQ LQ DQG RXW RI HYDSRUDWRU 7KH ILUVW UHVXOW DUH QRW
VDWLVIDFWRU\EXWQHZDGMXVWPHQWZLOOEHPDGHXQWLOZHJHWFORVHUWRWKHFDOFXODWLRQV,QRUGHUWRLPSURYHWKHV\VWHP
GHVLJQRIWKHVRODUSRZHUHGDEVRUSWLRQDLUFRQGLWLRQLQJV\VWHPDSDUDPHWULFVWXG\PXVWEHFDUULHGRXWWRLQYHVWLJDWH
WKHLQIOXHQFHRINH\SDUDPHWHUVRQWKHRYHUDOOV\VWHPSHUIRUPDQFH([SHULPHQWVZLOOEHXVHGWRSHUIRUPWKHSDUDPHWULF
VWXG\HIIHFWVRIRQHNH\SDUDPHWHURQWKHRYHUDOOV\VWHPSHUIRUPDQFHZLOOEHPRQLWRUHG*HQHUDWRULQOHWWHPSHUDWXUH
RIWKHFKLOOHULVVWLOOWKHPRVWLPSRUWDQWSDUDPHWHULQWKHGHVLJQDQGIDEULFDWLRQRIDVRODUSRZHUHGDLUFRQGLWLRQLQJ
V\VWHP0HGLXPWHPSHUDWXUHLQGRRURIWKHODERUDWRU\UHVHDUFKGXULQJUHFRUGHGYDOXHVSUHVHQWHGZDVDURXQGq&


)LJ$56WHPSHUDWXUHVPHDVXUHGIRUKRWZDWHULQDQGRXWRIJHQHUDWRUWHPSHUDWXUHRXWRIWKHDEVRUEHUDQG1+VROXWLRQLQDQGRXWRI
HYDSRUDWRULLQ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&RQFOXVLRQ
3URWRW\SH V\VWHP RSHUDWHG VXFFHVVIXOO\ UHJDUGLQJ WKH VWDELOLW\ DQG WHPSHUDWXUH REWDLQHG DW JHQHUDWRU DQG
HYDSRUDWRUGHVSLWHWKHGLIIHUHQFHIURPFDOFXODWLRQUHVXOWV%HVW&23REWDLQHGZDVJLYHQWKHDFWXDOVWDWHRIWKH
PDFKLQHZKLFKKDVQRLVRODWLRQDQGQRYROXPHFRQWUROIRUVROXWLRQSXPS1HYHUWKHOHVVZHZLOOFRQWLQXHWRLPSURYH
WKH FRPSRQHQWV DEVRUEHU DQG OLTXLG VHSDUDWRU WKH OD\RXW DQG WKH UHGXFWLRQ RI GLPHQVLRQV XQWLO ZH EH QHDU WKH
SUHGLFWHGYDOXHV
7KHUHDUHPDQ\EHQHILWVRI$56
 &DQ EH GULYHQ E\ ORZ JUDGH WKHUPDO HQHUJ\ DV ZDVWH KHDW ELRPDVV VRODU WKHUPDO HQHUJ\ RU KHDW IURP
FRJHQHUDWLRQVRWKH\ZLOOEHDEHWWHUVROXWLRQIRUFRROLQJLQWKHIXWXUHEHFDXVHRIWKHULVLQJSULFHVDQQRXQFHVIRUIRVVLO
IXHOVDQGWKHUHWXUQSD\EDFNZLOOEHVKRUWHUDORQJZLWKPDVVSURGXFWLRQ
$EVRUSWLRQFKLOOHUVDUHVLOHQWDQGYLEUDWLRQIUHH
+LJKSURWHFWLRQRIWKHHQYLURQPHQWLVGRQHGXHWRWKHHQHUJ\XVHGDQGWKHUHIULJHUDQWV1++2ZKLFKKDYH
]HUR2'3DQG*:3WKXVSURWHFWLQJWKHR]RQHOD\HUDQGGRHVQRWFRQWULEXWHWRJOREDOZDUPLQJDVFKORURIOXRURFDUERQV
2ZLQJWRWKHIDFWWKDWWKHUHLVDOZD\VHQRXJKURRIDUHDWRLQVWDOOVRODUFROOHFWRUVVRODUSRZHUHGLQWHJUDWHGHQHUJ\
V\VWHPVDUHFDSDEOHRIVXSSO\LQJFRROLQJKHDWLQJDQGKRWZDWHUVXSSO\)RUWKHSXUSRVHRIDOOZHDWKHURSHUDWLRQLW
LVQHFHVVDU\WRLQVWDOODX[LOLDU\KHDWVRXUFHVWRVXSSOHPHQWVRODUSRZHUHGFRROLQJKHDWLQJV\VWHPV
5HIHUHQFHV
>@ ,QWHUQDWLRQDO (QHUJ\ $JHQF\ 7UDQVLWLRQ WR VXVWDLQDEOH EXLOGLQJV 6WUDWHJLHV DQG 2SSRUWXQLWLHV WR  ([HFXWLYH 6XPPDU\ DW
KWWSZZZLHDRUJ7H[WEDVHQSVXPEXLOGLQJ680SGI
>@%DODUDV&$HWDO6RODUDLUFRQGLWLRQLQJLQ(XURSHDQRYHUYLHZ5HQHZDEOHDQG6XVWDLQDEOH(QHUJ\5HYLHZV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±
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,VVXHV±-DQXDU\±$SULOS±
>@.LP'6,QIDQWH)HUUHLUD&$6RODUUHIULJHUDWLRQRSWLRQVDVWDWHRIWKHDUWUHYLHZ,QWHUQDWLRQDO-RXUQDORI5HIULJHUDWLRQ
>@0LWWDO9HWDO7KHVWXG\RIVRODUDEVRUSWLRQDLUFRQGLWLRQLQJV\VWHPV$YDLODEOHDWKWWSZZZHUFXFWDF]DMHVDYROXPHMHVDPLWWDOSGI
$FFHVVHG
>@6HUEDQ$&KLULDF),QVWDOD܊LLIULJRULILFH5HIULJHUDWLRQ3ODQWV$JLU3XEOLVKLQJ+RXVH%XFXUHVWL
>@)HUUHLUD&$,7KHUPRG\QDPLFDQGSK\VLFDOSURSHUW\GDWDHTXDWLRQVIRUDPPRQLD±OLWKLXPQLWUDWHDQGDPPRQLD±VRGLXPWKLRF\DQDWHVROXWLRQV
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